ABSTRACT. This article is mainly based on the production of biodiesel and bioethanol from waste banana peels and radish leaves. The oily content from both the samples were converted to biodiesel by acid catalyzed and base catalyzed transesterification using methanol and ethanol. The biodiesel so obtained was subjected to analysis in accordance with the American Standard for Testing Materials (ASTM). The carbohydrates were extracted by distilled water and characterized by physical, chemical and biochemical methods. The carbohydrates were subjected to anaerobic fermentation using Saccharomyces cerevisiae to produce bioethanol which was confirmed by the preparation of UV active derivatives namely ethyl benzoate and ethyl salicylate. The highest % yield of fatty acid methyl ester and fatty acid ethyl ester was found to be 75% and 38%, respectively. The yield of bioethanol from banana peels and radish leaves was found to be 1.37% and 1.23%, respectively.
INTRODUCTION
Previously, the biodiesel and bioethanol are reported from different bioresources including wheat, maize, sugar beet, potatoes, palm tree, sun flower, fruits and vegetable wastes, and algae [1] [2] [3] [4] . The biodiesel is obtained from bioresources that are rich in oily content. The oils are converted to biodiesel by transesterification particularly with methanol or ethanol. Biodiesel and bioethanol are carbon neutral fuels because their renewable sources have an ability to absorb the CO 2 emitted by the combustion of these fuels. Therefore, there is no any significant increase in the CO 2 concentration in the atmosphere. Bioethanol can be obtained from biological resources that contain substantial amount of carbohydrates which can be converted to bioethanol [5, 6] . The industrial and research applications has gradually increased the production of bioethanol [7] . The bioethanol emit lesser amount of toxic and greenhouse gases as compare to petroleum or gasoline. It can be used alone or mixing with gasoline [8] .
We report here the production of biofuels from banana peels and radish leaves. The production of biofuels from vegetable oil and other edible resources is not feasible because it can cause food shortage. Therefore, the conversion of waste to energy is a best approach to save the edible resources. In addition, the consumption of waste for energy also reduces the environmental pollution. These features attracted us to use waste banana peels and radish leaves for the production of biofuels. Banana (Musa paradisiacal) is a fruit which belongs to the Musacease family. Its outer covering is known as peels and inner part is known as pulp. The waste banana peels play a significant role to pollute our environment because all the biowastes release toxic gases when they undergo decomposition and biodegradation. To overcome this problem, the best alternate use of banana peels is to consume it for the production of biofuels [9] . Banana peels contain carbohydrates (59.5%), proteins (4.77%), metals and oily contents [10] [11] [12] . Production of bioethanol has previously been reported from the banana peels by the process of fermentation in biocontrol fermenter using five different strains of Saccharomyces cerevisiae [13] .
The botanical name of radish leaves is Raphanus sativus and belongs to the family Brassicaceae [14] . Raphanus sativus grows in temperate climates at height between 190 and 1240 m and it is 30-90 cm tall [15] . It is the rich source of carbohydrates, sugar, dietary fiber, fats, proteins, vitamins, and some metals [16] . Radish leaves has also been used for the production of biogas at a specific temperature of 37 o C [17] . The literature showed that the production of biodiesel is also reported from radish [14] .
EXPERIMENTAL

Biodiesel production
Banana peels (6.4 kg) were collected from different fruit shops located in Karachi, Pakistan. They were dried under shadow for one week and dried peels were ground into the powder form (855 g). The water content in banana peels was found to be 87%. The oily content from the banana peels was extracted by solvent extraction technique [18, 19] . The peel's powder was soaked in n-hexane (2 L) for three days. The n-hexane extract was separated by decantation and further by filtration. The soaking process was repeated three times using overall 5 L of nhexane. The n-hexane was evaporated on a rotary evaporator (Buchi, Germany) under reduced pressure that yielded 71 g of crude, dark green and gummy oily content. About 8.3% oily content was extracted from banana peels using n-hexane as a solvent. Initially, the oily content was subjected to depigmentation with charcoal and column chromatography using silica gel (100-200 mesh size) as stationary phase and n-hexane as mobile phase. Through this process, most of the pigments and solid impurities have been removed from the crude oily extract. The oil was again purified by column chromatography using the column of longer length (diameter: 2.5 cm; length: 50 cm) that also removed the other impurities. It yielded semi-pure dark yellow oil (68 g) that was then analyzed by thin layer chromatography (TLC).
Radish leaves (3.13 kg) were collected from the vegetable shops, dried under shadow and then converted into the powder form (0.95 kg). The powder was soaked in n-hexane (5 L) for three days. The n-hexane extract was separated by decantation and further by filtration. The soaking process was repeated three times using overall 15 L of n-hexane. The n-hexane was evaporated by rotary evaporator (Buchi, Germany) under reduced pressure that yielded 58 g gummy oily content. The oily content was passed through the process of charcoaling then other impurities were removed by column chromatography that yielded pure oil (56 g).
Characterization of oily contents
The oily contents so obtained from banana peels and radish leaves were characterized in accordance with the ASTM standards including pour point, cloud point, acid value, iodine value, saponification value, density, viscosity, and rancidity (Table 1) .
Methanolysis and ethanolysis
The oily contents (1 g from each source) were subjected to transesterification under acidic (conc. HCl, 5 drops) as well as basic (0.2 g NaOH powder) conditions using methanol (4 mL) and ethanol (4 mL) separately. The reaction mixtures were refluxed for 12 hours. The glycerol and soap were separated by hot water whereas the biodiesel was extracted by using nhexane:chloroform (1:1). The biodiesel was purified by column chromatography using silica gel (100-200 mesh size) as stationary phase whereas n-hexane:chloroform (9:1) as mobile phase. The purified biodiesel (88%) was characterized by ASTM standards (Table 1) .
Bioethanol production
After the extraction of oily contents, the residue (784 g) of banana peels powder was soaked in distilled water (4.5 L) for three days. The water extract that contained carbohydrates was separated by filtration. The same process of soaking was repeated three times that yielded 11 L of water extract. It was evaporated on the water bath at 100 o C that yielded gummy and blackish water extract (122 g) that contained carbohydrates (Scheme 1).
The residue of radish leaves was soaked in distilled water (15.5 L) for a week. The water extract was separated by using cotton cloth then it was subjected to filtration using Watmann filter paper and the soaking process was repeated three times. After complete extraction process, 15.25 L water extract was obtained. The water was evaporated on water bath at 100 o C that resulted in the gummy and dark green concentrated water extract (180 g).
The concentrated water extracts of each sample (20 g each) were again dissolved in distilled water (440 mL) and subjected to column filled with activated charcoal and washed with distilled water. Through this process the unwanted solid impurities and some pigments were removed that resulted in the semi-refined water extract. After pretreatment, the water extracts of both the samples were subjected to biochemical analysis by performing different reported tests including Molisch Test, Fehling's Solution Test and Combur Test [20, 21] .
Fermentation
After pretreatment and biochemical analysis of water extracts, they were subjected to partial anaerobic fermentation. Firstly, crude gummy water extract (20 g each) was dissolved in distilled water (440 mL). The pH of water extract of banana peels and radish leaves were found to be 6.9 and 6.0, respectively. Now, partial anaerobic fermentation of water extract that contained carbohydrates was conducted inside the earth's surface (2 feet deep). After fermentation, the pH of the fermented mixture of banana peels and radish leaves was found to be 6.1 and 5.6, respectively. The color of the solution was changed from dark green to the light green for both samples.
Confirmation of bioethanol
The bioethanol is a volatile liquid and it is quite difficult to characterize in its volatile liquid form at laboratory scale, therefore, the bioethanol obtained from banana peels was directly converted into its UV active and non-volatile derivative namely ethyl benzoate whereas the bioethanol from radish leaves converted into ethyl salicylate. For this purpose, fermented mixture (440 mL) containing bioethanol, benzoic acid (1 g) or salicylic acid (1 g) and conc. HCl (0.2 mL for each) were taken in an Erlenmeyer flask and fitted with the water condenser using chiller (Buchi, Germany) separately. The reaction assemblies were placed in the water bath and refluxed at 100 o C for 12 hours. The product mixtures were allowed to cool down at room temperature. The desired products ethyl benzoate and ethyl salicylate were extracted from the crude mixture by using n-hexane:ethyl acetate (100 mL:100 mL). The content of the flask was thoroughly mixed and then allowed to settle down for the separation of the layers. The water layer (lower) and organic solvent layer (upper) were separated by separating funnel, and process of extraction was repeated three times. The water layer was discarded and the organic solvent layers were concentrated using rotary evaporator. The concentrated ethyl benzoate (59.3%) and ethyl salicylate (62.5%) were examined by thin layer chromatography (TLC) using standard ethyl benzoate and ethyl salicylate prepared by the same procedure using known starting materials. n-Hexane was used as the solvent system for TLC. The spots were identified by UV lamp at 254 nm. The spots of the sample ethyl benzoate and standard were appeared at the same R f value (0.76) whereas the spots of sample ethyl salicylate and standard were appeared at 0.74 R f value.
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RESULTS AND DISCUSSION
Biodiesel
The global threats like energy crisis, global warming, pollution and biodiversity stimulated us to conduct the research on the alternative, green and environmental friendly biofuels that can overcome the current challenges. In this regards we conducted the research on biowastes including banana peels and radish leaves. The oily contents of both the wastes were characterized by ASTM standards and then subjected to methanolysis and ethanolysis under acidic and basic conditions. The oily contents extracted from banana peels and radish leaves were found to be 8.3% and 5.4%, respectively. Two types of biodiesels namely fatty acid methyl ester (FAME) and fatty acid ethyl ester (FAEE) which were synthesized under acidic as well as basic conditions were characterized by different tests that are necessary for the identification of biodiesel. These tests include TLC examination, acid values, saponification values, iodine values, cloud point, pour point and some others ( Table 1) . The results of various tests were found to be very close to the ASTM standard values that confirm the presence of biodiesel. The yield of FAME and FAEE was found to be 75% and 37% from banana peels under acidic condition whereas it was found to be 63% and 49% under basic condition respectively. On the other hand, their % yield from radish leaves was found to be 63% and 44% under acidic condition whereas under basic condition it was found to be 45% and 38%, respectively (Table  2) . When triglycerides reacted with alcohol under acidic condition then biodiesel and glycerol are formed (Scheme 2) whereas under basic condition biodiesel, glycerol and soap are formed (Scheme 3). After preliminary examination and pre-treatment, the water extracts were treated with yeast (Saccharomyces cerevisiae) under partial anaerobic conditions. After seven days of the fermentation process, the pH of the solution was found to be 6.5. It is lower than the pH value before the fermentation (6.9). It showed that the acidic strength of the fermented solution has been increased due to the formation of carboxylic acids. The ethanol is a volatile liquid therefore it is quite difficult to extract it from the product mixture at the laboratory scale experimentation. To overcome this drawback, the bioethanol obtained from banana peels was converted directly into its non-volatile and UV active derivative like ethyl benzoate (Scheme 4) whereas the bioethanol derived from radish leaves was converted into ethyl salicylate (Scheme 5). The percent yields of ethyl benzoate and ethyl salicylate were found to be 59.3% and 62.5% respectively. In addition, the % yield of bioethanol from banana peels and radish leaves was found to be 1.37% and 1.23%, respectively. 
CONCLUSION
This article presents the conversion of oily content of banana peels and radish leaves to biodiesel through transesterification as well as carbohydrates of both the wastes to bioethanol through fermentation. The biodiesel was characterized by ASTM standards whereas bioethanol was confirmed by the synthesis of UV active derivatives formation. The transesterification using methanol and ethanol was carried out under acidic as well as basic conditions that produced fatty acid methyl ester and fatty acid ethyl ester with a significant yield. The fermentation of carbohydrates extracted from banana peels and radish leaves produced 1.37% and 1.23% bioethanol, respectively. This significant research can help us to develop the alternative approaches for the conversion of wastes to energy that overcome the energy crisis and help to reduce the environmental pollution.
